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68°E (off Saurashtra coast) from 1961 to 1976 disappeared completely in the later 
years. Similar pattern of warming was evident in the Bay of Bengal too. 
The oil sardine is a tropical fish preferring temperature range of 27° to 29°C 
(Chidambaram, 1950; www.fishbase.org). During 1961-1976, the catch was 
predominantly (nearly 90% of all India catch) between 8°_ I2°N and 75°-77°E (south-
west coast) (Fig. 20.2) where the sea surface temperature ranged between 27.7° C and 
28.0° C. The catch was very negligible « 1.0%) from latitudes north of 15° N along 
the west coast (Maharashtra and Gujarat) where the sea surface temperature ranged 
between 25° C and 28° C during those years. There was no catch along the entire east 
coast. During 1997-2005, the oil sardine catch was recorded almost along the entire 
Indian coast (except off Gujarat and West Bengal coasts). The percentage of catch 
from latitudes north of 15° N along the west as well as east coasts increased, although 
the catch from latitude north of 15° N (off West Bengal) was still negligible. A good 
correlation was found to exist between the sea surface temperature and landings of oil 
sardine along the four coastal zones from 1961 to 2005 (Fig. 20.3). 
CONCLUSIONS 
Considering the catch as a surrogate of distribution, it is found that the oil sardine has 
extended its northern and eastern boundaries of distribution. Oil sardine fishery did 
not exist before 1976 in the northern latitudes and along the east coast as the resource 
was not available. With warming of sea surface, the oil sardine is able to find 
temperature of its preference especially in the northern latitudes and eastern longitudes, 
thereby extending the distributional boundaries and establishing fisheries in larger 
coastal areas. It is expected that the distribution may extend further to Gujarat and 
West Bengal coasts in forthcoming time assuming that other fishery related physical 
and biological parameters will not vary considerably. However, if the sea surface 
temperature in the southern latitudes increases beyond the physiological optimum of 
the fish, it is possible that the population may be driven away from the southern 
latitudes, which will reduce the catches along the south-west and south-east coasts in 
the future. 
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CHAPTER 21 
Impact of rise in seawater temperature on 
the spawning of threadf1n Breams 
E. Vivekanandan 1 and M. Rajagopalan2 
M ANY marine organisms have life-histories adapted to seasonal events in the environment. Fish have strong temperature preferences to spawning. Several 
species of marine fish are known to spawn only at favorable water temperature that is 
known to trigger the process of spawning activities. The annually recurring events of 
life-cycle such as timing of spawning can provide particularly sensitive indicators of 
changes in climatic change. Many evidences of phenological changes are now available 
for terrestrial organisms. There is now ample evidence of the effects of climatic change 
on various biota over the last decades, but the literature on the effects of climate on 
phenological aspects in marine ecosystems is meager (Marshall et al., 2001). A common 
obstacle limiting marine phenological studies is the requirement of long time-series 
observations, of which there are few in the ocean because of the considerable effort 
required. Though sparsely investigated, phenological changes viz. seasonal shift in 
spawning season, and, as a consequence, early appearance of fish larvae was found in 
the North Sea (Greve et al., 2005). The year-class size of marine fish is greatly 
influenced by the timing of spawning and the resulting match and mis-match with 
their prey and predators. This has been confirmed on the basis of remote sensing and 
a long-term data set of haddock recruitmen.t-(Platt et al., 2003). 
The threadfin breams Nemipterusjaponicus (Fig.21.1 a) and N. mesoprion (Fig.21.1 b) 
are distributed along the entire Indian coast at depths ranging from 10 to 100 m. They 
are short-lived (longevity: about 3 years), fast growing, highly fecund and medium-
sized fishes (maximum length: 32 cm). The annual threadfin bream catch was 1,11,345 
tones along the Indian coast during 2006 contributing 4.7% to the total catch (CMFRI, 
2007). They are caught almost exclusively by bottom trawls. After the introduction of 
bottom trawls in the early 1960s, the threadfin bream catches consistently increased in 
Fig. 21.1 a Nemipterus japonicus Fig. 21.1 b Nemipterus mesoprion 
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the last 45 years . The population characteristics of the threadfin breams have been 
extensively studied by CMFRI through several research projects. Vivekanandan and 
James (1986) reported that December to March as the peak spawning months of N. 
japonicus off Chennai that based on the data collected between 1981 and 84. 
To find out the phenological changes in the spawning season of the threadfin breams, 
Nemipterus japonicus and Nemipterus mesoprion over the time-scale and examine 
the relationship to seawater warming. 
METHODOLOGY 
Data (except for 1988 to 1992) on the spawning season of Nemipterus japonicus and 
N. mesoprion off Chennai were collected from 1981 to 2004 by collecting and analyzing 
fortnightly fish samples from trawl landings at Chennai Fisheries Harbour. The fishes 
were dissected and maturity condition of ovary of females was recorded. Ovaries in 
maturity stages V and VI were considered as ripe and VII as spent (i.e. in condition 
where the eggs were just released (Qasim, 1973). Thus individuals in ovarian stages V 
to VII were considered as spawners. The months in which the spawning females occur 
are taken as the months of spawning, as males too spawn during those months. During 
1980-87 and 1993-2004, a total of 18,975 specimens of N. japonicus were collected; 
of this, 9,539 were females and the rest were males and immature specimens. Of the 
females , 515 were spawners. 
RESEARCH ACCOMPLISHMENTS 
However, there were wide monthly fluctuations in the number of spawners, grouping 
the number of spawners in to two major seasons, i.e., warm (April to September) and 
cool (October to March) seasons showed a clear pattern in the shift of the spawning 
season. Whereas 35.3% of the spawners OCCUlTed during the warm months in 1980, 
the number of spawners gradually reduced and only 5.0% of the spawners occurred 
during the same season in 2004 (Fig. 21.2). In 1980,64.7% of the spawners occurred 
between October and March, whereas as high as 95.0% of the spawners occurred 
during the same season in 2004. The number of spawners reduced during summer and 
shifted towards cooler months. 
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Fig. 21.2 Change in spawning season of Nemipterus japonicus off Chennai 
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Fig. 21.3 Change in spawning season of Nemipterus mesoprion off Chennai 
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The data derived from ICOADS indicated that during April to September the annual avera~e sea surface temperature off Chennai increased from 29.0rC from' 1981-85 to 
29.38 C by 200 1-?4; and from 27 .86°C to 28.0 I °c between October and March. There 
was ~ood correla~lOn between sea surface temperature and spawning activity of the 2 
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96 
Global Climate Change and 
Indian Agriculture 
October-March 
100 . . _ 28561+105 01*sst N. mesoprion = -3487.9+127.94*sst N. japomcus - - .' , 
R' =0.492 R =0 .562 
90 
80 
70 
60 
....... N. japonicus ....... N. mesoprion 50~::~~~~~~~2~7.T90~~~~2~7:.9;5~~~2~8~.0~0~~~;28~.05 
27.80 27 .85 
SST (0C) 
t (ee) and °lc of spawners from October to 
Fig. 21.5 Relationship between sea surface tempera ure °1981 nd 2004 
March in the annual number of spawners between a 
in the annual total number of spawners) of Nemipterus japonicus linea~ly decreased 
.. ' t (r2 - 0689) from April to September (Fig. 21.4), the 
with mcreasmg tempera ure -. . 21 5) 
. d posl'tl'vely (r2 = 0 562) from October to March (Fig. . . 
occurrence mcrease . 
CONCLUSION 
. b 28° and 29°C may be the optimum but when it exceeds Sea surface temperature etween 
290C, the fish are adapted to shift the spawning activity to seasons when the temperature 
is around the preferred optima. 
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CHAPTER 22 
Vulnerability of Corals to Seawater Warming 
E. Vivekanandan I, M. Hussain Ali2 and M. Rajagopalan3 
CORAL reefs are the most diverse marine habitat, which support an estimated 1 million species globally. They are highly sensitive to climatic influences and are 
among the most sensitive of all ecosystems to temperature changes, exhibiting the 
phenomenon known as coral bleaching when stressed by higher than normal sea 
temperatures. Reef-building corals are highly dependent on a symbiotic relationship 
with microscopic algae (type of dinoflagellate known as zooxanthellae), which live 
within the coral tissues. The corals are dependent on the algae for nutrition and 
colouration. The bleaching results from the ejection of zooxanthellae by the coral 
polyps and/or by the loss of chlorophyll by the zooxanthellae themselves. Corals usually 
recover from bleaching, but die in extreme cases. 
In the Indian seas, coral reefs are found in Gulf of MannaI', Gulf of Kachchh, Palk 
Bay, Andaman seas and Lakshadweep seas. Indian coral reefs have experienced 29 
widespread bleaching events since 1989 (www.reefbase.org) . Sea surface temperature 
in the Indian seas has warmed in these years. The relationship between past temperatures 
and bleaching events can help in understanding the number of future bleaching events 
in the coral regions in a scenario of further rising of sea surface temperature. 
Vulnerability of coral reefs to seawater warming in the Indian seas has been assessed 
'" here. 
METHODOLOGY 
To understand the effect of elevated temperatures, the large-scale (50 krn) sea surface 
temperature coral bleaching hotspot anomaly image provided by the United States: 
National Oceanic and Atmospheric Administration (NOAA), National Environmental 
Satellite Data and Information Service (NESDIS) was used as a forecasting tool for 
potential bleaching conditions. These images are based on multi-channel, night-time 
only satellite AVHRR (Advanced Very High Resolution Radiometer on NOAA Polar 
Orbiting Environmental Satellites (POES) sea surface temperature data. These images 
highlight SST anomalies that are greater than 1°C above the maximum monthly mean 
(MMM) climatological sea surface temperature at each pixel. Degree Heating Week 
accumulations of these sea surface temperature hotspot anomalies, which usually 
commence at the 1°C threshold and provide an estimate of the residence time of 
anomalously warm water in the region, were considered. One Degree Heating Week 
is equivalent to 1 week of sea surface temperature 1 ° C above the MMM climatological 
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